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© Computer data entry and manipulation apparatus and method. 



© An apparatus as disclosed for manipulating vir- 
tual objects defined by a computer according to the 
gestures and positions of the hand of an operator. 
The manipulation may include positioning a cursor - 
(26) or other representation on an electronic display 
terminal (28). The system includes a glove (12) 
which fits over the hand of a user and includes a 
number of optical flex sensors (40.82,84,86,88.94 to 
detect the position of the user's hand. Manipulation 
of the hand causes changes in the output signals 
^from each sensor which are relayed to the computer 
^to cause corresponding changes in the display. 
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COMPUTER DATA ENTRY AND MANIPULATION APPARATUS AND METHOD 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to the field of 
devices for data entry and manipulation in comput- 
ers, and relates more particularly to an apparatus 
and method for entering data into a computer and 
manipulating virtual objects defined by the com- 
puter based on the gestures and positions of the 
hand of an operator. 



Description of the Prior Art 

Input devices for computers include such de- 
vices as keyboards, digitizers, joysticks, mice, trac- 
kballs, and light pens. One function of these input 
devices is to position, in two dimensions, a cursor 
on the display screen of a computer. Once the 
cursor is positioned at a desired location, the com- 
puter is instructed to perform an operation. The 
processes of cursor positioning and operation se- 
lection are discrete operations, since separate mo- 
tions are required to perform each operation. With 
a mouse, for example, cursor positioning is accom- 
plished by moving the mouse along a surface, 
while operation selection is accomplished by push- 
ing keys located either on the mouse or a separate 
keyboard. The mastering of the operation of such 
input devices is often difficult because the hand 
movements required to operate the devices do not 
correspond to the visual feedback presented by the 
display screen of the computer. 

Glove input devices have been used to input 
data to computers. U.S. Patent No. 4,414,537, is- 
sued November 8, 1983 to G. Grimes and entitled 
"Digital Data Entry Glove Interface,* describes one 
such glove input device. The Grimes patent dis- 
closes a glove with sensors for detecting the flex- 
.ing of finger joints, sensors for detecting contact 
between various portions of the hand, and sensors 
for detecting the orientation of the hand. The 
Grimes device is adapted for the identification of 
static hand positions that represent the alphanu- 
meric characters of the manual alphabet. 

SUMMARY OF THE INVENTION 

In accordance with the illustrated preferred em- 
bodiment, the present invention provides an ap- 
paratus and method for manipulating virtual objects 
defined by a computer according to the gestures 



and positions of the hand of an operator. Such 
manipulation includes positioning a cursor or other 
representation of the hand of the operator with 
respect to virtual objects defined by the computer 
5 according to certain position specifying movements 
of the operator's hand, and operating on those 
virtual objects according to certain gesture specify- 
ing movements of the operator's hand. The present 
invention includes gesture sensing means coupled 

10 to the hand for detecting the gesture specifying 
movements of the hand, hand position sensing 
means also coupled to the hand at least in part for 
detecting the position specifying movements of the 
hand, and signal processing means adapted to 

75 receive data from the gesture sensing means and 
the hand position sensing means and to instruct 
the computer to manipulate virtual objects accord- 
ing to the movements of the operator's hand. 

In one embodiment of the present invention, 

20 the gesture sensing means includes a glove as- 
sembly with attached sensors that are responsive 
to the degree of flex of the fingers of the operator's 
hand. These flex sensors are mounted on a flexible 
printed circuit board and are sandwiched between 

25 an inner and an outer glove. A decoding circuit for 
addressing the sensors is also mounted on the 
flexible printed circuit board, and is electrically 
coupled to the sensors through the flexible printed 
circuit board and to the computer via a detachable 

30 cable. The hand position sensing means includes a 
mobile ultrasonic transmitter affixed to the glove 
assembly, a stationary receiver comprising three 
separate spaced-apart ultrasonic receiving units, 
and a control circuit that measures the time delay 

35 of pulsed ultrasonic signals from the transmitter to 
the three receivers to indicate the spatial position 
of the operator's hand. The signal processing 
means is embodied in software, and includes rou- 
tines for positioning a hand-shaped cursor on the 

40 display screen of the computer according to the 
position of the operator's hand, for responding to 
the output signals of the flex sensors to identify 
gestures of the operator's hand, and for manipulat- 
ing virtual objects defined by the computer accord- 

45 ing to commands represented by the gestures and 
movement of the operator's hand. 

The present invention comprises a computer 
data entry and manipulation apparatus and method 
capable of determining the static and dynamic ges- 
so tures of an operator's hand and the spatial position 
of the hand. As an input device, the present inven- 
tion is especially well adapted for use with a picto- 
rial or symbolic programming language having a 
dynamic cursor which corresponds in shape to the 
shape of the glove and moves on the screen in 
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response to movement of the glove in space. The 
present invention provides the basis for a symbolic 
programming language in which the physical ges- 
tures of the operators hand are used to implement 
conceptually similar and easily recognizable func- 
tions or operations on virtual objects displayed on 
the display screen of the computer. 

The features and advantage described in the 
specification are not all inclusive, and particularly, 
many additional features and advantages will be 
apparent to one of ordinary skill in the art in view of 
the drawings, specification and claims hereof. 
Moreover, it should be noted that the language 
used in the specification has been principally se- 
lected for readability and instructional purposes, 
and may not have been selected to delineate or 
circumscribe the inventive subject matter, resort to 
the claims being necessary to determine such in- 
ventive subject matter. 



IN THE DRAWINGS 

Figure 1 is an overall perspective view of a 
computer incorporating a computer data entry and 
manipulation apparatus according to the present 
invention; 

Figure 2 is a back view of one embodiment 
of an instrumented glove assembly according to 
the present invention; 

Figure 3 is a side view of the instrumented 
glove assembly of Figure 2; 

Figure 4 is a palm side view of the in- 
strumented glove assembly of Figure 2; 

Figure 5 is a sectional detail view of one 
finger of the instrumented glove assembly of Fig- 
ure 2. with the finger having an extended orienta- 
tion; 

Figure 6 is a sectional detail view of one 
finger of the instrumented glove assembly of Fig- 
ure 2. with the finger having a bent orientation; 

Figure 7 is a back view of an alternative 
embodiment of an instrumented glove assembly 
according to the present invention; 

Figure 8 is a side view of the instrumented 
glove assembly of Figure 7; 

Figure 9 is a palm side view of the in- 
strumented glove assembly of Figure 7; 

Figure 10 is a longitudinal cross-section view 
of one embodiment of the flex sensor; 

Figure 1 1 is a longitudinal cross-section view 
of another embodiment of the flex sensor; 

Figure 12 is a cross-sectional view through 
the structure shown in Figure 1 1 ; 

Figure 1 3 is an alternate cross-sectional view 
through the structure shown in Figure 1 1 ; and 



Figure 14 is a perspective view of another 
application of the invention. 



5 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figures 1 through 13 of the drawings depict 
various preferred embodiments of the present in- 
fo vention for purposes of illustration only. One skilled 
in the art will readily recognize from the following 
discussion that alternative embodiments of the 
structures and methods illustrated herein may be 
employed without departing from the principles of 
75 the invention described herein. 

In Figure 1, the preferred embodiment of the 
present invention is illustrated in its intended mode 
of use, namely as a computer data entry and 
manipulation apparatus 10. The apparatus 10 in- 
20 dudes a glove assembly 12 that is electrically 
coupled to an interface circuit 14 that is in turn 
electrically coupled to a computer 16, a position 
sensing receiver assembly 18 that is also elec- 
trically coupled to the interface circuit 14, and 
25 software that is executed by the computer 16. The 
glove assembly 12 contains sensors that detect the 
flexing of the fingers and other gestures of the 
hand of an operator, and also contains an ultra- 
sonic transducer 17 used in detecting the spatial 
30 position of the glove assembly 12. The position 
sensing receiver assembly 18 includes an L- 
shaped frame 20 that preferably extends across the 
top and down one side of a monitor 22 of the 
computer 16. Three ultrasonic transducers 24 are 
35 located at the comer and ends of the frame 20 and 
face toward the operator. 

In operation, the glove assembly 12 is worn on 
the hand of an operator, and is used to position a 
cursor 26 or other representation of the glove as- 
40 sembly on the display screen 28 of the computer 
16. The spatial position of the glove assembly 12 is 
determined by transmitting an ultrasonic signal 
through the transducer 17 in the glove assembly, 
receiving that signal by the transducers 24 of the 
45 position sensing receiver assembly 18, and mea- 
suring the time delay of the signal from the trans- 
mitting transducer 17 to each of the receiving tran- 
sducers 24. The software portion of the apparatus 
10 converts the time delay data into orthogonal 
so coordinates, and directs the computer 16 to display 
the cursor 26 on the display screen 28 accordingly. 
Thus, movement by the glove assembly 12 in a 
plane parallel to that of the display screen 28 
results in corresponding movement by the cursor 
55 26. Movement by the glove assembly 12 toward 
and away from the display screen 28 can be repre- 
sented by varying the size of the cursor 26. 
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The glove assembly 12 is also used to enter 
commands into the computer 16. As described in 
detail below, the glove assembly 12 contains sev- 
eral sensors that respond to the gestures of the 
operator's hand. The software portion of the ap- 
paratus 10 receives and interprets gesture indicat- 
ing data from the sensors of the glove assembly 12 
and enters commands into the computer 16 ac- 
cording to the gestures recognized. These com- 
mands relate to the manipulation of virtual objects 
created by the computer 16 and displayed on the 
display screen 28. 

In Figures 2, 3, 4, 5, and 6, the preferred 
embodiment of the glove assembly 12 is illustrated. 
An outer glove 30. shown in Figure 5, which pro- 
tects the circuitry attached to the inner glove is not 
shown in Figures 2, 3, 4, and 6 to allow the 
apparatus to be more clearly depicted. The compo- 
nent parts of the glove assembly 12 are bonded or 
otherwise secured to an inner glove 32, which is 
worn on the hand of the operator during operation. 
In the illustrated embodiment, the sensors and 
electrical components of the glove assembly are 
soldered to and electrically interconnected by a 
flexible printed circuit board 34, which is itself 
bonded or otherwise secured to the inner glove 22. 
The flexible printed circuit board 34 includes five 
elongated portions 36 positioned along the back 
side of the fingers and thumb and extending from a 
central portion 38 positioned along the back of the 
hand. Preferably, the inner glove 32 is composed 
of a material such as stretch knitted nylon which 
accommodates various sizes of hands and main- 
tains a good fit during use. The outer glove 30 
covers and protects the components of the glove 
assembly 12, and improves the aesthetics of the 
glove assembly. Preferably, the outer glove 30 is 
composed of a light weight and durable material 
such as cotton. 

The glove assembly 12 includes five flex sen- 
sors 40, each positioned on the back side of the 
inner glove 32 opposite a middle knuckle of one 
finger or thumb. The flex sensors 40 are preferably 
of the type that will provide a signal that is an 
analog representation of the degree of bend of 
each of the fingers and thumb. As shown in Fig- 
ures 5 and 6, the flex sensor 40 comprises a 
flexible tube 42 having interior reflective wails with 
a light source 44 at one end and a photosensitive 
detector 46 at the other end. The light source 44 is 
preferably an infrared light emitting diode, and the 
photosensitive detector 46 is preferably a 
phototransistor. The flexible tube 42 is bonded or 
otherwise secured to the flexible printed circuit 
board 34, with the electrical leads of the light 
source 44 and the photosensitive detector 46 sol- 
dered to appropriate conductive traces of the flexi- 
ble printed circuit board. The amount of light that 



impinges on the photosensitive detector 46, and - 
the corresponding amount of current flowing 
through the photosensitive detector, is dependent 
upon the amount of bend of the flexible tube 42. - 

5 When the finger is extended, as shown in Figure 5, 
the flexible tube 42 is generally straight and a 
maximum amount of light from the light source 44 
impinges on the photosensitive detector 46. When 
the finger is flexed to a bent position, as shown in 

10 Figure 6, the center of the flexible tube 42 is 
almost pinched off, which restricts the amount of 
• light transmitted to the photosensitive detector 46. 
Thus, the flex sensors 40 provide an analog signal 
that indicates the flexing of the operator's fingers 

75 and thumb. 

The glove assembly 12 is electrically connect- 
ed to the interface circuit 14 via a cable 52, which 
is preferably a flat ribbon cable that is releasably 
attached to the flexible printed circuit board 34 by 

20 a connector 54. The cable 52 also supplies power 
and ground signals to the components of the glove 
assembly 12. 

As mentioned above, the glove assembly 12 
includes an ultrasonic transducer 17 that transmits 

25 ultrasonic signals for use in determining the spatial 
position of the glove assembly. The ultrasonic tran- 
sducer 17 is soldered to appropriate conductive 
traces at the central portion area 38 of the flexible 
printed circuit board 34, and is electrically con- 

30 nected to the interface electronics 14 via the cable 
52. Preferably, components 55 including a trans- 
former and transistor for driving the ultrasonic tran- 
sducer 17 are also contained in the glove assembly 
12 and mounted to the flexible printed circuit board 

35 34. In order to counteract possible blocking of the 
ultrasonic signals by the operator's hand, three 
flexible transmission tubes 56, 58, and 60 are uti- 
lized to conduct the ultrasonic signals to different 
parts of the glove assembly. Transmission tubes 56 

40 and 58 extend from the ultrasonic transducer 17 
toward the index finger of the glove assembly, with 
transmission tube 56 ending at the base of the 
finger and transmission tube 58 extending nearly to 
the tip of the finger. Transmission tube 60 extends 

4$ from the ultrasonic transducer 17 around the side 
of the glove assembly, as shown in Figure 4. Each 
of the transmission tubes carries the ultrasonic 
signals transmitted by the ultrasonic transducer 17 
and radiates those signals out an open end. The 

so transmission tubes ensure that hand gestures do 
not block the transmission of the ultrasonic signals 
to the position sensing receiver assembly 18. 
When, for example, the operator's index finger is 
pointing toward the display screen 28, as shown in 

55 Figure 5, the ultrasonic signals radiating from the 
end of the transmission tube 58 will reach the 
receiving transducers 24. When the operator's in- 
dex finger is bent downward, as shown in Figure 6, 
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the ultrasonic signals radiating from the end of the 
transmision tube 56 will reach the receiving trans- 
ducers 24. When the operator's hand is positioned 
with the palm toward the display screen 28, the 
uttrasonic signals radiating from the end of the 
transmission tube 60 will reach the receiving trans- 
ducers 24. 

A more extensively instrumented alternative 
glove assembly 80, illustrated in Figures 7, 8, and 
9, provides additional data for gesture identification. 
A flexible printed circuit board and the various 
electronic components of the glove assembly 80 
are not shown for clarity, but may, of course, be 
included. The glove assembly 80 includes two flex 
sensors 82 for each finger and thumb, a flex sensor 
84 between the thumb and index finger, a flex 
sensor 86 between the index finger and the middle 
finger, and a flex sensor 88 across the palm, all 
secured to an inner glove 90. The flex sensors 82 
are located opposite the middle knuckle and the 
base knuckle of each finger and thumb. Flex sen- 
sor 84 is responsive to lateral movement of the 
thumb relative to the index finger, while flex sensor 
86 is responsive to lateral movement of the index 
finger relative to the middle finger. The flex sensor 
88 located across the palm is useful in detecting 
gestures such as touching the thumb to the little 
finger. 

In addition to the flex sensors, the glove as- 
sembly 80 may also include a hand orientation 
sensor 92 which provides data indicative of the 
orientation of the glove assembly relative to the 
three rotational axis of roll, pitch, and yaw. The 
orientation sensor 92 can be implemented in var- 
ious ways, such as a three-axis accelerometer, an 
array of mercury potentiometers, or a bubble 
gauge. 

As an alternative to the use of spatial position- 
ing of the glove assembly 12 for directing the two- 
dimensional positioning of the screen cursor 26, 
wrist motions may be used. For example, the for- 
ward and back flexing of the wrist can indicate 
vertical positioning of the screen cursor 26, while 
left and right flexing of the wrist can indicate hori- 
zontal positioning of the screen cursor. To this end. 
four additional flex sensors 94 are secured to the 
inner glove of the glove assembly 80 at locations 
surrounding the wrist joint. 

Figure 10 illustrates in detail one implementa- 
tion of the optical flex sensor employed in the 
glove depicted in other figures. The sensor 40 
consists of a flexible tube 112 that has open ends 
114 and 116, a reflective interior wall 118 within the 
flexible tube 112. and a light source 44 placed at 
end 114. A photosensitive detector 46. or light 
transmitting device such as an optical fiber, is 



placed at end 116 of tube 112 so that the intensity 
of a combination of direct light rays and reflected 
rays may be detected when the flexible tube 112 is 
bent. 

s The flexible tube 40 may be fabricated from 

rubber, plastic, woven material, or other suitable 
flexible material, while the interior wall 118 may be 
coated with aluminum paint or other suitable reflec- 
tive material, or in some instances left untreated. 
to In its unflexed position, the tube 112 is gen- 

erally straight. In this position the light emitted from 
light source 44 strikes the photosensitive detector 
46. As tube 112 is bent, the light received is a 
combination of direct light rays and reflected rays. 
75 The amount of light reaching the photosensitive 
detector 46 will decrease until a position is reached 
in which all of the light is blocked off or reflected, 
depending upon the resiliency of tube 112. 

In one embodiment photosensitive detector 46 
20 changes its resistance with light intensity. The 
combined effect of the bent tube 112 on the light 
path and the photosensitivity of the detector 46 
results in a device which changes its electrical 
resistance (or other property) when flexed. Detector 
25 46 may be a phototransistor, photosilicon-con- 
trolled rectifier, a photo cell, or an optical fiber 
which carries the signal to another location. In 
general detector 46 may be any component which 
has an output parameter which changes in re- 
30 sponse to light intensity. 

Figure 11 illustrates another embodiment of an 
optical flex sensor 124. Sensor 124 consists of a 
flexible tube 126 which has two ends 128 and 130, 
and a reflective interior wall 132. interior wall 132 is 
35 constructed from two different longitudinal color 
areas-red 134 and green 136. A light source 138, . 
for example, light-emitting diodes or infrared emit- 
ters, is positioned at one end of the tube and a 
photosensitive detector 140, for example, a 
40 phototransistor, is positioned at the other end 130. 

Figure 12 is a cross-sectional view of the tube 
shown longitudinally in Figure 11. 

Another embodiment of the optical flex sensor 
142 is depicted in Figure 13. The sensor shown 
45 has within flexible tube 144 a reflective interior wall 
146 made from three different longitudinal color 
areas-red 148, green 150. and yellow 152. The 
two different color areas in the sensor of Figure 12 
and the three different color areas in the sensor of 
so Figure 13 cause the intensity of the light which 
reaches the photosensitive detector at the opposite 
end of the tube to be modified according to wheth- 
er a light source of similar color or different color is 
reflected from the surface. 
55 in each of these embodiments, the light source 

may consist of the same multiple number of similar 
colored sources as there are colored wall areas on 
the wall of the tube. These multiple sources may 
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be pulsed on and off at various time intervals, and 
the output parameter of the detector at the oppos- 
ing end of the tube sampled during corresponding 
time intervals. In this manner the information 
present allows determination not only of the degree 
that the device is bent, but also the direction of 
bending. The accuracy obtainable with respect to 
the direction of bending of the device will generally 
increase with the larger number of multiple colored 
light sources and correspondingly colored walls. 
Although only the specific case of one, two and 
three colors are illustrated, any desired number 
may be chosen. 

. Figure 14 illustrates another application for the 
flex sensors in which they are attached to a body 
suit worn by an individual. In this manner, informa- 
tion may be obtained to electrically measure the 
position of joints and limbs, or obtain information 
about their velocity, acceleration or other param- 
eters. Signals from the sensors may be processed 
for application in physical therapy, computer ani- 
mation, remote control, or man/machine interface. 
The optical flex sensors may be employed as 
digital or analog switches. 



Claims 

1. An apparatus for generating control signals 
according to the gestures and positions of a hand, 
said apparatus comprising: 

gesture sensing means including sensors 
(40:82,84,86,88,94) coupled to the hand for detect- 
ing gesture specifying movements of the hand; 

hand position sensing means (17;92) coupled to 
the hand for detecting position specifying move- 
ments of the hand; and 



3. A method of generating control signals ac- 
cording to the gestures and positions of the hand 
of an operator, said method comprising the steps 
of: 

5 

providing a hand sensing device for placement on 
the hand of the operator, said hand sensing device 
including sensors (40;82,84,86 t 88,94) operable for 
detecting gesture specifying movements of the 
70 hand; 

providing position sensing means (17;92) for de- 
tecting position specifying movements of the hand; 

75 providing signal processing means (16) coupled to 
said hand sensing device and to said position 
sensing means for generating the control signals 
according to said gesture specifying movements 
and said position specifying movements of the 

20 hand; 

detecting said gesture specifying movements of 
the hand and said position specifying movements 
of the hand, and supplying data to said signal 
25 processing means regarding said gesture specify- 
ing movements and said position specifying move- 
ments of the hand; and 

generating control signals according to said ges- 
so ture specifying movements and said position speci- 
fying movements of the hand. 

4. An optical flex sensor which comprises: 

a flexible tube (126) having two ends; 

35 

a light reflective interior wall (132) within said flexi- 
ble tube (126); 

at least one light source (138) placed within a first 
40 end of said flexible tube (126); and 

a photosensitive detector (140) placed within a 
second end of said flexible tube (126) to detect the 
intensity of a light rays impinging on said pho- 
tosensitive detector (140) when sad flexible tube - 
(126) is bent. 

5. An optical flex sensor as recited in Claim 4 
wherein the flexible tube (126) comprises rubber. 

6. An optical flex sensor as recited in Claims 4 
or 5 wherein the reflective interior wall (132) is 
coated with a material having special optical prop- 
erties. 

7. An optical flex sensor as recited in any of 
Claims 4 to 6 wherein said photosensitive detector 
(140) is a silicon phototransistor. 

8. An optical flex sensor as recited in any of 
Claims 4 to 7 wherein said light source (138) is at 
least one fight-emitting diode. 



signal processing means (16) coupled to said ges- 
ture sensing means and to said hand position sens- 
ing means for generating control signals according 
to said gestures specifying movements and said 
position specifying movements of the hand. 45 

2. An apparatus for entering data into a com- 
puter according to the gestures and positions of 
the hand of an operator, said apparatus comprising: 

finger position sensing means (40:82,84,86) coup- so 
led to the hand of the operator for detecting the 
flexing of the fingers of the hand; and 

hand position sensing means including a mobile 
portion (17) coupled to the hand of the operator 55 
and a stationary portion (18) for detecting the spa- 
tial position of the hand of the operator with respect 
to said stationary portion. 
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9. An optical fiex sensor as recited in any of 
Claims 4 to 7 wherein the light source and detector 
are optical fibers. 

10. An optical flex sensor as recited in Claim 7 
wherein the reflective interior wall (132) is coated 
with a plurality of different special property material 



(134,136) on longitudinal separate areas corre- 
sponding to a same number of different light sour- 
ces which have a special property in one-to-one 
correspondence with these said longitudinal sepa- 
rate areas. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



7 



SDOCID:<EP 0211984A1> 



0 211 984 




FIG—L 




F/G.-2. V 



MSDOCID:<EP 0211984A1> 



0 211 984 




E 

0 211 984 





vjSDOCtD: <EP 0211984A1> 



0 211 984 




SDOCID:«EP 0211984A1> 




/Jill European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 

EP 85 11 0377 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropr iate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. Cl *) 



8 
3 

§ 



3,Y 



US-A-4 542 291 (T.G. ZIMMERMAN) 
* Whole document * 



Tha present search report has been drawn up for all claims 



Place of search 
THE HAGUE 



Date of completion of the search 
09-05-1986 



X 
Y 

A 

O 
P 



CATEGORY OF CITED DOCUMENTS 
particularly relevant it taken alone 

o^umin'J^L^ 0 " 1 if comb,ned with another 
aocument of the same category 

technological background 

non-written disclosure 

intermediate document 



1-3 



LJS-A-4 414 537 (G.J. GRIMES) 
* Column 1, lines 6-21, 55-65; 
column 2, lines 7-23, 66-67; col- 
umn 3, lines l-ll ; figures 1-3; 
[column 5, lines 7-10 * 



Column 3, lines 45-68; column 
4, lines 1-26; figures 4,5 * 



EP-A-0 123 043 (BAKER et al.) 
" Abstract; page 1, lines 25-28; 
?* g ? ^' !ines 1-27; page 6, lines 
32-37; page 7, lines 1-7; figures 
2,3 * 



EP-A-0 121 387 (REIFFEL et al.) 1-3 
Abstract; page 4, lines 9-20 * 

DE-A-3 334 395 (SPENNER) 

Abstract; page 3, lines 1-23 * 



4,8 



1-3 



5,6 
4-10 



G 06 K 11/06 
G 01 D 5/26 
A 61 B 5/02 



TECHNICAL FIELDS 
SEARCHED (Int. Cl * » 



G 06 K 

G 01 D 



Examiner 

WEBER, V.G.E. 



T 
E 

D 
L 



theory or principle underlying the invention 
earlier patent document, but published on. or 
after the filing date 
document cited in the application 
document cited for other reasons 

member of the same patent family, correspondrno 
document 9 



iSDOCID:<EP 0211984A1> 



